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ABSTRACT

The increasing demands for real-time applications in Wireless Sensor Networks (WSNs)
have made the Quality of Service (QoS) based communication protocols an interesting
and hot research topic. Satistying Quality of Service (QoS} requirements (e.g. bandwidth
and delay constraints) for the different QoS based applications of WSNs raises significant
challenges. More precisely, the networking protocols need to cope up with energy
constraints, while providing precise QoS guarantee. Therefore, enabling QoS applications
in sensor networks requires energy and QoS awareness in different layers of the protocol
stack. In many of these applications (such as multimedia applications OF real-time and
mission critical applications), the network iraffic is mixed of delay sensitive and delay
tolerant traffic. Hence, QoS routing becomes an important issu€. In this project, 1 propose
an Energy Efficient and QoS aware multipath routing protocol (abbreviated shortly as
EQSR) that maximizes the network lifetime through palancing encrgy consumption across
multiple nodes, uses the concept of service differentiation 10 allow delay sensitive traffic
to reach the sink node within an acceptable delay, reduces the end end delay, and
increases the throughput through introducing data redundancy. EQSR uses the residual
energy, node available buffer size, and to predict the best next hop through the paths
construction phase. Based on the concept of service differentiation, EQSR protocol

employs queuing model to handle both real-time and non-real-time traffic.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW OF WIRELESS SENSOR NETWORKS

Wireless Sensor Networks 15 a network of typically small, battery-powered, distributed
autonomous wireless devices. A sensor node, also known as 2 ‘mote’, 1s a node in a wireless
sensor network that is capable of performing some processing, gathering sensory information
and communicating with other connected nodes in the network. In addition to one Or MOTe Sensor
nodes, each node in a sensor network 1is typically equipped with wireless communications

device, a small microcontroller, and an energy source, usually a battery.
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Figure 1.1 Components of Sensor Networks




e Microcontroller

Microcontroller performs tasks, processes data and controls the functionality of other
components in the sensor node. Other alternatives that can be used as 2 controller are: General
purpose desktop microprocessor, Digital Signal Processors, Field Programmable Gate Array and
Application-speciﬁc integrated circuit. Microcontrollers are the most suitable choice for a sensot

node.

o Transceiver

gensor nodes make use of [SM band which gives free spectrum allocation and global
availability. The various choices of wireless transmission media are Radio frequency, Optical
communication (Laser) and Infrared. Laser requires 1€8S energy, but needs \ine-of-sight for
communication and also sensitive 10 atmospheric conditions. Infrared like laser, needs no
antenna but is limited in its broadcasting capacity. Radio Frequency (RF) based communication
is the most relevant that fits to most of the WSN applications. WSN’s use the communication
frequencies between about 433 MHz and 7 4 GHz. The functionality of both transmitter and
receiver are combined into a single device known as transceivers are used in sensor nodes.

Transceivers lack unique identifier. The operational states are Transmit, Receive, idle and Sleep.

e [External Memory

From an energy perspective, the most relevant kinds of memory are on-chip memory of a
microcontroller and Flash memory - off-chip RAM 18 rarely if ever used. Flash memories arc
used due to its cost and storage capacity. Memory requirements are very much application
dependent. Two categories of memory based on the purpose of storage a) User memory used for
storing application related or personal data. b) Program memory used for programming the

device. This memory also contains identification data of the device if any.



s« Power Source

Power consumption in the sensor node is for the Sensing, Communicating and Data Processing.
More energy 18 required for data communication in sensor node. Energy expenditure is less for
sensing and data processing. The energy cost of transmitting 1 Kb a distance of 100 m 18
approximately the same as that for the executing 3 million instructions by 100 million
instructions per second/W processor. Power is stored either in Batteries of Capacitors. Batteries

are the main source of power supply for sensor nodes.

e Sensors

Sensors are hardware devices that produce measurable response 0 2 change in a physical
condition like temperature and pressure. Sensors senses Or IMeasures physical data of the area 0
be monitored. The continual analog signal sensed by the sensors is digitized by an Analog-to-
digital converter and sent to controllers for further processing. Characteristics and requirements
of Sensor node should be small size, consume extremely low energy, operate in high volumetric
densities, be autonomous and operate unattended, and be adaptive to the environment. As
wireless sensor nodes are micro-electronic sensor device, can only be equipped with a limited

poWwer source of less than 0.5 Amp and 1.2 V.

e ADC - Analog to Digital Converter
The analog signals produced by the sensors are converted to digital signals by the analog tO

digital converter (ADC), and then fed into the processing unit.



1.2 APPLICATIONS OF SENSOR NETWORKS

Wireless Sensor Networks have a wide range of applications such as,

1. Military applications
i. Monitoring friendly forces and equipment.
ii. Battlefield surveillance.
i11. Nuclear, biological and chemical attack detection.
2. Environmental Applications
. Forest fire detection.
ii. Bio-complexity mapping of the environment.
iii. Flood detection.
3. Health applications
i. Tele-monitoring of human physiolo gical data.
ii. Tracking and monitoring doctors and patients inside a hospital.
iii. Drug administration in hospitals.
4. Home application
i, Home automation.

ii. Smart environment

In order to enable reliable and efficient observation and inifiate right actions, physical
phenomenon features should be reliably detected/estimated from the collective information
provided by sensor nodes. Moreover, instead of sending the raw data to the nodes responsible for
the fusion, sensor nodes use their processing abilities to locally carry out simple computations
and transmit only the required and partially.processed data. Hence, these properties of WSN
impose unique challenges for development of communication protocols such architecture. The
intrinsic properties of individual sensor nodes, pose additional challenges 10 the communication

protocols 1n terms of energy consumption.



1.2 CHALLENGES OF WIRELESS SENSOR NETWORKS
A sensor network design is influenced by many factors, which include:

o Energy officiency/system lifetime

As sensor nodes are battery-operated, protocols must be energy-efficient to maximize system life
time. System life time can be measured such as the time until half of the nodes die or by
application—directed metrics, such as when the network stops providing the application with the

desired information about the phenomena.

o Fault Tolerance

Some sensor nodes may fail or be blocked due 10 lack of power, nave physical damage or
environmental ;nterference. The failure of sensor nodes should not affect the overall task of the
sensor network. This is the reliability ot fault tolerance iSSue. Fault tolerance is the abihity to

sustain sensot network functionalities without any interruption due 1o sensor node failures.

o Scalability
The number of sensor nodes deployed in studying a phenomenon may be in the order of
hundreds or thousands. Depending on the application, the number may reach an extreme value of

millions. The new schemes must be able to work with this number of nodes.

s Production Costs

Since the sensor networks consist of a large number of sensor nodes, the cost of 2 single node is
very important to justify the overall cost of the networks. If the cost of the petwork 18 mMore
expensive than deploying traditional sensors, then the sensor network 1s not cost-justified. Asa

result, the cost of each sensor node has to be kept low.

+ Environment
gensor nodes are densely deployed either very close of directly inside the phenomenon to be

observed. Therefore, they usually work unattended in remote geo graphic areas. They may be



working in busy intersections, in the interior of large machinery, at the bottom of an ocean,
inside a twister, On the surface of an occan. They work under high pressure in the bottom of an
ocean, in harsh environments such as debris or a battlefield, under extreme heat and cold such as
in the nozzle of an aircraft engine or in arctic regions, and in an extremely noisy environment

such as under intentional jamming.

« Hardware Constraints

A sensor node is made up of four basic components: 2 sensing unit, @ processing unit, a
transceiver unit and a power unit. Sensing units are usually composed of two subunits: sensors
and analog 10 digital converters (ADCs). The analog signals produced by the sensors based on
the observed phenomenon are converted to digital signals by the ADC, and then fed into the
processing unit. The processing unit, which is generally associated with a small storage unit,
manages the procedures that enable the sensor node collaborate with the other nodes to cairy out
the assigned sensing tasks. A transceiver unit connects the node 10 the network. One of the most
important components of a sensor node 1s the power unit. Power units may be supported by a
power scavenging unit such as solar cells. There are also other subunits, which are application
dependent. Most of the sensor network routing techniques and sensing tasks require the

knowledge of location with high accuracy.

« Sensor Network Topology
Sheer numbers of inaccessible and unattended sensor nodes, which are prone o frequent failures,
make topology maintenance 2 challenging task. Hundreds to several thousands of nodes are

deployed throughout the sensor field.

e Pre-Deployment Phase
Sensor nodes can be either thrown in mass of placed one by one in the sensot field. They can be
deployed by dropping from a plane, delivering in an artillery shell, rocket or missile, throwing by

a catapult , placing in factory, and placing onc by one either by a human or & robot. Although the



sheer number of sensors and their unattended deployment usually prectude placing them
according to a carefully engineered deployment plan, the schemes for initial deployment must
reduce the installation cost, eliminate the need for any pre—organization and preplanning, increase

the flexibility of arrangement, and promote self-organization and fault tolerance.

. Post—Deployment Phase

After deployment, topology changes are due to change 10 sensor nodes position, reach ability
(due to jamming, noise, moving obstacles, etc.), available energy, malfunctioning, and task
details. Sensor nodes may be statically deployed. However, device failure 18 a regular Of
common event due to energy depletion of destruction. It is also possible t0 have sensor networks
with highly mobile nodes. Besides, sensor nodes and the network experience varying task
dynamics, and they may be 2 target for deliberate jamming. Therefore, sensor network topologies

are prone 10 frequent changes after deployment.

« Re-Deployment of Additional Nodes Phase
Additional sensot nodes can be re-deployed at any time to replace the malfunctioning nodes oOr
due to changes 1 task dynamics. Addition of new nodes poses a need to re-organize the network.
Coping with frequent topology changes in an ad hoc network that has myriads of nodes and very

stringent power consumption constraints requires special routing protocols.

o Transmission Media

In a multi-hop sensof network, communicating nodes are linked by a wireless medium. These
links can be formed by radio, infrared or optical media. To enable global operation of these
networks, the chosen transmission medium must be available worldwide. One option for radio
links is the use of Industrial, Scientific and Medical (ISM) bands, which offer license iree

communication 1n most countries.



e Power Consumption

The wireless sensor node, being a microelectronic device, can only be equipped with a limited
pOWEr SOUIce. In some application scenarios, replenishment of power resources might be
impossible. Sensor node lifetime, therefore, shows a Strong dependence on battery lifetime. The
malfunctioning of few nodes can cause significant topological changes and might require
rerouting of packets and re-organization of the network. Hence, power conservation and power
management take on additional importance. It is for these reasons that researchers are currently
focusing on the design of power aware protocols and algorithms for sensot networks. In sensor
networks, power efficiency 1s an important performance metric, directly influencing the network
lifetime. Application specific protocols can be designed by appropriately trading off other
performance metrics such as delay and throughput with power efficiency. The main task of a
sensor node in a sensot field is to detect events, perform quick local data processing, and then
transmit the data. Power consumption can hence be divided into three domains: sensing.

communication, and data processing.



CHAPTER 2

LITERATURE REVIEW

2.1 Comparative Study of Wireless Sensor Networks Energy-Efficient Topologies and

Power Save Protocols

The paper [2], 1t addresses issues associated with control of data transmission in wireless sensor
networks (WSN) with stationary nodes. Since the WSN nodes are typically battery equipped, the
primary design goal 1s to optimize the amount of energy used for transmission. The energy
conservation techniques and algorithms for computing the optimal transmitting ranges in order to
generate a network with desired properties while reducing sensors energy consumption are
discussed and compared through simulations. It describes a new clustering based approach that

utilizes the periodical coordination to reduce the overall energy usage by the network.

The paper provides the short overview of the energy conservation techniques and algorithms for
calculating energy-efficient topologies for WSNs. The efficiency of four location based
approaches, 1.e., tWO schemes for topology control and two power save algorithms are discussed
based on the results of simulation experiments. The energy efficient method of introducing a
coordinator to a WSN is presented. It show that our algorithm outperforms the results obtained

for popular clustering based power save protocol .

2.2 Energy Efficient Adaptive Multipath Routing for Wireless Sensor Networks

Routing in wireless sensor networks is a demanding task. This [3], it explain about the demand
has led to a number of routing protocols which efficiently utilize the limited resources available

at the sensor nodes. All these protocols typically find the minimum energy path. In this paper we

take a view that, always using the minimum encrgy path deprives the nodes energy quickly and
the time taken to determine an alternate path increases. Multipath routing schemes distribute

traffic among multiple paths instead of routing all the traffic along a single path. Two key



questions that arise in multipath routing are how many paths are needed and how to select these
paths. Clearly, the number and the quality of the paths selected dictate the performance of 2
multipath routing scheme. We propose an energy efficient adaptive multipath routing technique
which utilizes multiple paths between source and the sink, adaptive because they have low
routing overhead. This protocol 18 intended to provide a reliable transmission environment with
low energy consumption, by efficiently utilizing the energy availability and the received signal
strength of the nodes to identify multiple routes to the destination. Simulation results show that
the energy efficient adaptive multipath routing scheme achieves much higher performance than
the classical routing protocols, even in the presence of high node density and overcomes
simultaneous packet forwarding over the nodes lying on different possible paths between the
source and the sink, in proportion to their residual energy and received signal strength. The
rationale behind traffic spreading is that for a given total energy consumption in the network, at
each moment, every node should have spent the same amount of energy. The objective 1s tO
assign more loads to under-utilized paths and less load to over-committed paths so that uniform
resource utilization of all available paths can be ensured. Multipath routing is cost effective for
heavy load scenario, while a single path routing scheme with a lower complexity may otherwise
be more desirable. It compare our proposed scheme with the directed diffusion [5] and flooding
protocols Simulation results show that energy officient adaptive multipath routing outperforms
the traditional routing approaches in terms of network lifetime, load balancing and packet

delivery ratio.

2.3 Energy-Efficient Wireless Sensor Network Design and Implementation for Condition-

Based Maintenance

In [4]. New application architecture is designed for continuous, real-time, distributed wireless
sensor networks. It develops a wireless sensor network for machinery condition-based
maintenance (CBM) 1n small machinery spaces using commercially available products. It
develops a hardware platform, networking architecture, and medium access communication
protocol. It implements a single hop sensor network to facilitate real-time monitoring and

extensive data processing for machine monitoring. A new radio battery consumption model is

10



presented and the battery consumption equation is used to select the most suitable topology and
design an energy efficient communication protocol for wireless sensor networks. A new
streamlined matrix formulation is developed that allows the base station to compute the best
periodic sleep times for all the nodes in the network. It combine scheduling and contention 1o
design a hybrid MAC protocol, which achieves 100% collision avoidance by using our modified
RTS-CTS (Request To Send-Clear To Send) contention mechanism known as TDMA (Time

Division Multiple Access protocol).

2.4 Efficient Route Selection Strategies for Wircless Sensor Networks

Wireless Sensor Networks (WSNs) facilitate monitoring and controlli O]

environments from remote locations with the best possible accuracy. Sensor networks are
wireless networks consisting of groups of small, inexpensive nodes, which collect and
disseminate critical data. Also, sensor nodes have various energy and computational constraints
due to their inexpensive nature and ad hoc method of deployment. Considerable research has
been focused on overcoming these deficiencies through low-energy consumption schemes.
Among other factors, the route selection strategy may have an impact on the sensors lifetime,
and following on the network lifetime. In this paper, we study various route selection strategies
that aim at prolonging the lifetime of WSNs. Also, a new route selection scheme is proposed,
that increases further the network lifetime. The performance of these schemes is analyzed

through simulation.
2.5 Energy-Efficient TCP Operation in Wireless Sensor Networks

In [6].it explains about applications of wireless sensor networks require connectivity to external
networks to let monitoring and controlling entities communicate with the sensors. By using the
TCP/IP protocols inside the sensor network, external connectivity can be achieved anywhere in
the sensor network. In such IP-based sensor networks, TCP can be used for remote management
and reprogramming of sensor nodes. However, the high bit error rates in multi-hop sensor
networks lead to energy-inefficiencies that reduce the lifetime of the sensor network. This paper

introduces and compares two approaches to support energy-efficient operation of TCP in sensor

11



networks: Distributed TCP Caching (DTC) and TCP Support for Sensor networks (TSS). Both
concepts allow intermediate sensor nodes 10 cache TCP segments and to perform local
retransmissions in case of errors. This allows reducing the total number of packet transmissions
in the sensor network when transferring data to or from a sensor node. DTC caches and
immediately forwards TCP data segments, whereas TSS does not forward a cached segment until
it knows that the previous segment has been successfully received by the next hop node. We
show by simulation that both approaches significantly reduce the number of TCP segment and
acknowledgement transmissions. Their performance differs slightly depending on the error rate.
Both approaches have also slightly different needs in buffer requirements and TCP options to be

supported.

2.6 Energy Efficient Routing Algorithms for Wireless Sensor Networks and Performance
Evaluation of Quality of Service for IEEE 802.15.4 Networks

The [7],popularity of Wireless Sensor Networks (WSN) have increased tremendously in recent
time due to growth in Micro-Electro-Mechanical Systems (MEMS) technology. WSN has the
potentiality to connect the physical world with the virtual world by forming a network of sensor
nodes. Here, sensor nodes are usually battery-operated devices, and hence energy saving of
sensor nodes is a major design issue. To prolong the network's lifetime, minimization of energy
consumption should be implemented at all layers of the network protocol stack starting from the
physical to the application layer including cross-layer optimization.

In this project, clustering based routing protocols for WSNs have been discussed. In cluster-
based routing, special nodes called cluster heads form a wireless backbone to the sink. Each
cluster heads collects data from the sensors belonging to its cluster and forwards it to the sink. In
heterogeneous networks, cluster heads have powerful energy devices in contrast to homogeneous
networks where all nodes have uniform and limited resource €nergy. So, it is essential to avoid
quick depletion of cluster heads. Hence, the cluster head role rotates, i.€., cach node works as a
cluster head for a limited period of time. Energy saving in these approaches can be obtained by
cluster formation, cluster-head election, data aggregation at the cluster-head nodes to reduce data

redundancy and thus save encrgy.

12



2.7 Agent-based Framework for Energy Efficiency in Wircless Sensor Networks

Wireless sensor networks are consisted of ﬁundreds or thousands of small sensors that have
limited resources. Energy-efficient techniques [8],are the main issue of wireless sensor networks.
This paper proposes an energy efficient agent-based framework in wireless sensor networks. We
adopt biologically inspired approaches for wircless sensor networks. Agent operates
automaticalty with their behavior policies as a gene. Agent aggregates other agents to reduce

communication and gives high priority to nodes that have enough energy to communicate. Agent
behavior policies are optimized by genetic operation at the base station. Simulation results show
that our proposed framework increases the lifetime of each node. Each agent selects a next-hop
node with neighbor information and behavior policies. My proposed framework provides self-

configuration, self-optimization properties to Sensor nodes.
2.8 Energy-Aware QoS Control for Wireless Sensor Network

While a lot of research has been done on some important aspects of WSN [9],such as
architecture and protocol design, supporting Quality of Service in WSN is still a largely
unexplored research field. An application-specific QoS has been defined as the sensor network
resolutions. In the paper [20], it design a novel energy-aware algorithm based on the previous
work to solve the QoS problems. The periodical sleeping mechanism is introduced into the
algorithimn to save energy. When the optimal number sensors are achieved in initialization stage,
not all of the remaining sleep state nodes need to wake up every second.

There exists many envisioned applications in WSN and their QoS requirements may be very
different. It is unlikely that there will be a “one-size-fits-all” QoS support for most applications.
The present research efforts related to the QoS in WSN fall into three categories: traditional end-

to-end QoS, reliability assurance, and application—speciﬁc QoS.



CHAPTER 3
METHODOLOGY
3.1 Link Cost Function

The link cost function is used by the node to select the next hop during the path discovery phase.
Let N, be the set of neighbors of node x. Then our cost function includes an encrgy factor with
appropriate weights ().

Next hop = mi‘}:-‘.af,ﬁ,d,y !

Where Eresdsy 18 the current residual energy of node y, where Y € N..
3.2 Paths Discovery Phase

Based on the idea of the directed diffusion the sink node starts the multiple paths discovery phase
{0 create a set of neighbors that able to forward data towards the sink from the source node. The
constructed multi-paths are node-disjoint paths (i.e. have no common nodes except the source

and the destination). In multi-path routing, node disjoint paths are usually preferred because they
utilize the most available network resources, and hence are the most fault-tolerant. If an
intermediate node m a set of node-disjoint paths fails, only the path containing that node 1S

affected, so thereis a minimum impact to the diversity of the routes [11].

The path discovery procedure is executed according t0 the following phases:

o [Initialization phase: Each sensor node broadcast a HELLO message to its neighboring
nodes in order to have enough information about which of its neighbors can provide it with
the highest quality data. Each sensor node maintains and updates its neighboring table during
this phase. The neighboring table contains information about the list of neighboring nodes of
the sensor node. Fig. 3.2.1 illustrates the structure of the HELLO message. Hop count gives
the distance in hops for the message from its originator. As the message is only broadcasted

to the neighbors of the node, this field is not used in this version of the protocol.
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Fig 3.1 HELLO Message Structure

e Primary Path discovery phase: After initialization phase each sensor node has enough

information o0 compute the cost function for its neighboring nodes. Then, the sink node
locally computes its preferred next hop node using the link cost function, and sends out a
RREQ message to its most preferred next hop (Fig. 3.2.2) shows the structure of the RREQ
message)- Similarly, through the link cost function, the preferred next hop node of the sink

computes locally its most preferred next hop in the direction of the source node, and sends

out a RREQ message 1o its next hop, the operation continues until source node.

Fig 3.2 RREQ Message Structure.

Alternative Paths discovery phase: For the second alternate path, the sink sends alternate
path RREQ message to its next most preferred neighbor. To avoid having paths with shared
node, we Hmit each node to accept only one RREQ message. For those nodes that receive
more than one RREQ message, only accept the first RREQ message and reject the remaining
messages (see Fig. 3.3, for an example of path construction. In this example Node 9
computes its next preferred neighbor finds it Node 7. Node 9 generates RREQ message and
forwards to node 7, but node 7 has been included in the primary path, then node 7 simply
responds to node 9 with an INUSE message ‘ndicating that node 7 is already selected in a
routing path. Immediately node 9, searches 1ts neighboring table and computes the next
preferred neighbor, which will be node 5, and sends out RREQ message to it. Node 5 accepts

the message and continues the procedure in the direction of the source node).
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Fig 3.3 Example of Path Discovery.

3.3 Path Refreshment

In order to save energy, We reduce the overhead traffic through reducing control messages.
Therefore, instead of periodically flooding a KEEPALIVE message to keep multiple paths alive
and update cost function metrics, wWe append the metrics on the data message by attaching the

residual energy, and remaining buffer size to the data message.

3.4 Paths Selection

After the completion of paths discovery phase and the paths have been constructed, we need to
select a set of paths from the N available paths to transfer the traffic from the source to the
destination with a desired bound of data delivery given by o. To find the number of required
paths, we assume that each path is associated with some jate Pio= (1,23 N) that
corresponds to the probability of successfully delivering a message 1o the destination. Following

the work done in [9], the number of required paths is calculated as:

K= Ny lr_)!z‘]_.p"]-',__ 4; ‘p:
z ‘ ;
\ = G

where X 4 is the corresponding bound from the standard normal distribution for different levels of
. Now out of the k paths, the protocol picks out a pumber of 1 paths 10 be used to transfer the

real-time traffic, and m paths for non-real-time traffic
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3.5 Traffic Allocation and Data Transmission

Our protocol employs the queuing model presented in {2] to handle both real-time and non-real-
time traffic. Two different queues are used, one instant priority queue for real-time tratfic, and
the other queue follows the first In first out basis for non real-time traffic. Fig. 3.5.1 shows the

functional diagram of the EQSR protocol

Foend Tinae Dratta =3 el

o In<ant [N

ek pealis

Fig. 3.5.1 Functional diagram of the EQSR protocol.

The source node knows the degree of the importance of each data packet it is sending which can
be translated into predefined priority levels. The application layer sets the required priofity level

for each data packet by appending an extra bit of information to act as a stamp 10 distinguish
between real-time and non-real-time packets. Rased on the packet type, the classifier directs
packets into the appropriate queue. The traffic allocation scheme first splits up the packets Into &
number of equal sized sub-packets (or segments), and then schedules sub-packets simultaneously
for transmission across the available multiple paths. Before scheduling the sub-packets, the
wraffic allocation scheme adds error correction codes to TMProve the reliability of transmission

and to increase the resiliency to paths failures and ensure that an essential portion of the packet is
received by the destination without incurring any delay and more energy consumption through

data retransmission At the sink node, the parts are collected, reassembled, and the original

message is recovered.
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CHAPTER 4

RESULTS AND DISCUSSIONS

The experiments are performed with following configuration parameters.

Parameter Value j
Network size 1500%1500(m)

Base statmn 1oca’aon o (750750)m - -

Numher of sensof nodes oo S

Initial energy B 100 :

s |1

Transnnsswn rangé ' ; | 150 m KR
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Fig 4.1 Residual Energy for Primary Path
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Fig 4.2 Residual Energy for Secondary Path

The performance shows of the energy graph for primary and secondary path. This shows the
results for the energy consumption under node failures. Obviously our EQSR protocol
outperforms the MCMP protocol in this case. EQSR protocol achieves more energy savings than
MCMP protocol. This is because EQSR protocol easily recovers from path failures and be able
to reconstruct the original messages through the use of the FEC algorithm. While the MCMP
protocol needs to initiate a data retransmission to r€cOVer lost data, which leads to a significant

increase in the energy consumption.
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CHAPTER 5

CONCLUSION AND FUTURE OUTLOOK

In this project, | have presented EQSR protocol; an energy efficient and quality of service aware
multi-path routing protocol designed specifically for wireless sensor networks {0 provide service
differentiation by giving real-time traffic absolute preferential treatment over the pon-real-time
traffic. This protocol uses the multi-path paradigm. This feature 18 Very jmportant in sensor
networks since flooding cONSUIMNES energy and consequently reduces the network lifetime. This
EQSR protocol uses the residual energy, node available buffer size 10 predict the next hop
through the paths construction phase. EQSR protocol handles both real-time and non real-time
traffic efficiently, by employing 3 queuing model that provides service differentiation. Through
computer simulation, the protocol was evaluated and studied the performance under different
network conditions. Simulation results have shown that our protocol achieves lower average

delay with minimum energy requirement.
Future outlook
As a future work, more factors can be considered in the EQSR by incorporating SNR,

simultaneous data transfer and study the impact of the aetwork size, path length, and buffer size

on the performance metrics.
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6.APPENDIX

6.1. SOURCE CODE
Coding for Energy-Efficiency

* IMPLEMENTATION OF ENERGY-EFFICIENT */

¥ - - e %]

# Environmental Settings
set val{chan) Channel/W irelessChannel 5# channel type

set val(prop) Propagation/’T woRayGround # radio-propagation model
set val{ant) Antenna/OmniAntenna -# Antenna type

set val(ll) LL -# Link layer type

set val(ifq) Queue/DropTail/PriQueue -# Interface queue type
set val(ifglen) 256 -# max packet in ifq

set val(netif} Phy/WirelessPhy # network interface type

set val{mac) Mac/802_11 # MAC type

set val{rp) AQDV -# Routing Protocol
set val{nn) 50 +# number of mobilenodes

set val(x) 1500 ;

set val(y} 1500 ;

set opt(energymodel) EnergyModel # Energy model

set opt(radiomodel) RadioModel -# Radio model

set opt(initialenergy) 100 -# Initial energy in Joules

set val(sc) setdest-100.tr

sett 250

set s_thres 250

set glen 256

set lc 0

set beta 2

4 Default parameters

Agent/TCP/RFC';' 93edu set rto_ 250 #250 m Transmission range
Agent/TCP set packetSize_ 1024 -# Packet size (data + overhead)
Phy/W irelessPhy set Pt_ 0.015 -# Transmission Power

Phy/W irelessPhy sct RXThresh_ 2.025e-12 #500m radius.Receving Threshotd

Phy/W irelessPhy set CSThresh_ [expr 0.9%[Phy/W irelessPhy set RXThresh_]] :# Carrier Sence Threshold
Phy/W irelessPhy set CPThresh_ 10.0 -# Carrier Power

Phy/W irelessPhy set bandwidth_ 2eb # Bandwidth

Phy/W irelessPhy set fred 914et6 -# Frequency

# Simulator Object Creation

set ns_ [new Simulator]



# Trace File to record all the Events

set f [open Energy-Qos.tr w]
$ns_ trace-all $f
$ns_ use-newirace

#NAM Window creation
set namtrace [open Energy-Qos.nam w]

$ns_ namtrace-aﬂ-wireless $namitrace $val(x) $val(y)

# Topology Creation
set topo [new Topography)
$topo load_flatgrd 1500 1500

# General Operational Director
create-god $val(nn)

# Node Configuration
$ns_ node-config -adhocRouting Gval(rp)
A1 Type Sval(iDh
-macType $val{mac) A\
-ifqType $val(ifg) \
-ifgLen $val(ifglen) \
-antType $val{ant) \
-propType $val(prop) \
-phyType $val(netif) \
-channelType $val(chan) \
_topolnstance $topo \
-agentTrace ON\
_routerTrace ON
-macTrace ON\
_movementTrace ON \
sdiePower 0.01213
xPower 1.5%
-txPower 2.0\
-sleepPower 0.00015%
-initialEnergy $opt(initialenergy) \
-energyModel $opt(energymodel)

# Node Creation
set god_ [create-god $val(nn)]

for {seti0} {$i< $val(nn) } {iner i}

set node_($i) [$ns_ node]
gnode_(51) random-motion 0
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$god_new_node $node_($1)
H

for {seti 0} {$i < Sval(nn)} {iner i} {
$ns_ initial_node_pos $node (8i)40
$node_($1) set X_ 750.0
$node_($i)set Y_0.0
$node_($i)set Z_0.0
$node_($1) color black

j

source $val(sc)
# subclass Agent/MessagePassing to make it do flooding
Class AgenthessagePassing/Flooding -superclass Agent/MessagePassing

Agent/MessagePassing/Flooding instproc recv {source spott size data} {
$self instvar messages_seen node _
global ns BROADCAST_ADDR

# extract message 1D from message
set message_id {lindex [split $data ""] 0l
#puts "nNode {$node_ node-addr] got message $message_id\n”

if {[lsearch $messages_seen $message_id] == -1} {
Jappend messages_seen $message_id
$ns trace-annotate "[$node_ node-addr] received HELLO {$data} from $source”
$ns trace-annotate "[Snode_ node-addr] sending HELLO message $message_id"
$self sendto $size Sdata $BROADCAST_ADDR $sport
} else {

}
}

Agent/MessagePassing!Flooding instproc send_message {size message_id data port} {
$self instvar messages_seen node _
global ns MESSAGE_PORT BROADCAST_ADDR

lappend messages_seen $message_id
$ns trace-annotate "[$node_ node-addr] sending HELLO message $message_id"
$self sendto $size "$message_id:Sdata" $BROADCAST_ADDR $port

1
5

set t [Sns_ now]
for {seti0} {$i<50} {incri} {

set sink$i [new Agent/LossMonitor]

}
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$ns_ attach-agent $node_(0) $sinkl

$ns_ attach-agent $node_(1) $sinkl

$ns_ attach-agent $node_(2) $sink2

$ns_ attach-agent $node_(3) $sink3

$ns_ attach-agent $node_(4) $sinkd

$ns_ attach-agent $node_(5) $sinkd

$ns_ attach-agent $node_(6) $sink6

$ns_ attach-agent $node (7) $sink7

$ns_ attach-agent $node (8) $sinks

$ns_ attach-agent $node_(9) $sink9

$ns_ attach-agent $node_(10) $sink10
$ns_ attach-agent $node_(11) $sinkl1
$ns_ attach-agent $node (12) $sink12
$ns_ attach-agent $node_(13) $sink13
$ns_ attach-agent $node_(14) Ssink 14
$ns_ attach-agent $node_(15) $sinkl>
$ns_ attach-agent $node_(16) $sink16
$ns_ attach-agent $node_(17) $sink17
$ns_ attach-agent $node_(18) $sink18
$ns_ attach-agent $node_(19) $sink19
$ns_ attach-agent $node_(20) $sink20
$ns_ attach-agent $node_(21) $sink21
$ns_ attach-agent $node_(22) $sink22
$ns_ attach-agent $node (23) $sink23
$ns_ attach-agent $node_(24) $sink24
$ns_ attach-agent $node_(25) $sink23
$ns_ attach-agent $node (26) $sink26
$ns_ attach-agent $node_(27) $sink27
$ns_ attach-agent $node_(28) $sink28
$ns_ attach-agent $node_(29) $sink29
$ns_ attach-agent $node_(30) $sink30
$ns_ attach-agent $node_(31) $sink31
$ns_ attach-agent $node_(32) $sink32
$ns_ attach-agent $node_(33) $sink33
$ns_ attach-agent $node_(34) $sink34
$ns_ attach-agent $node_(35) $sink33
$ns_ attach-agent $node_(36) $sink36
$ns_ attach-agent $node_(37) $sink37
$ns_ attach-agent $node_(38) $sink38
$ns_ attach-agent $node_(39) 8sink39
$ns_ attach-agent $node_(40) $sink40
$ns_ attach-agent $node_(41) $sink41
$ns_ attach-agent $node_(42) $sink42

$ns_ attach-agent $node_(43) $sink43
$ns_ attach-agent $node_(44) $sink44
$ns_ attach-agent $node_(45) $sink4>
$ns_ attach-agent $node_(46) $sink46
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$ns_ attach-agent $node_(47) $sink4d7
$ns_ attach-agent $node_(48) $sink48
$ns_ attach-agent $node_(49) $sink49

proc attach-CBtrafﬁc { node sink } ¢

#Get an instance of the simulator

set ns_ | Simulator instance]

#Create 2 CBR agent and attach it to the node
set udp [new Agent!UDP]

Sns_ attach-agent $node Sudp

set cbr [new Application/’f raffic’CBR]

gcbr attach-agent $udp

$cbr set packetSize_ 256 #sub packet size
$cbr set interval_ 0.048

#Attach CBR source to sink;
$ns_ connect $udp $sink
return $cbr

¥

proc attach—CBR-trafﬁc { node sink v 4

#(et an Instance of the simulator

setns_ (Simulator instance]

set udp [new Agent!UDP]

$ns_ attach-agent $node $udp

#Create a CBR agent and attach it to the node
set cbr [mew Applicatiom’TrafﬁchBR}

gcbr attach-agent $udp

$cbr set packetSize_ 256 -#sub packet size
$cbr set interval_ 0.048

Sebr set random_ 1

$cbr set maxpkis_ 5000

#Attach CBR source t0 sink;

$ns_ connect $udp $sink

return $cbr
PRSUSEUSEE S e For route discovery-~~-~-~-~-~~"~~~‘~-~~-~
set init [attach-CBR-trafﬁc $node_(0) $sink21]

et initl [attach—CBR—trafﬁc $node_(0) $sink21]
set init2 [attach-CBR—trafﬁc $node_(0) $sink44]

$ns_at 3.0 "$init start”
$ns_at 3.01 "$init stop"
$ns_at 37.8 "$init1 start”
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$ns_at 37.801 "$initl stop”
$ns_at 35.8 "$init2 start"
$ns_at 35.801 "$init2 stop”

set dis [open E-Distance.txt w]

puts $dis
"\t~~_,-~~-~~Mwwww~w~w~~w~~-~~m~~~~~w~-~m~~w~~~w~~~~m~mwawm,
puts $dis "\tsource-Node\tDest-Node\tSX-cor\tSY-Cor\tE-Distance(d)”

puts $dis
ll\t~~~-__~w~~_dw~w~_~_‘~~w~-~w~~_‘~m~__‘~~~~~~m~wwm~m~~~~~~~~~~~__’m~mNm&m~~~~~!—mr
close $dis

set nbr [open Neighbor W]

puts $nbr

puts $nbr "\tsource—Node\tNeighbor—Node\tH-Distance(d)"
puts $nbr
"\t--MNW~-~~-~_,w~-~w,_,,_,.u~_,w~~~~,_,N,.,w~_,-~~~~~w~.ﬁ-~m~~~w~~.¢_~~~m~~~~

1"

e e et e P

close $nbr
Bty For Calculation of Euclidean distance-~-~-~~—»~~-~~-

proc distance { nl n2 ndl nd2 f1} {

global t

set dis [open E-Distance.txt a]

set nbr [open Neighbor a]

set x1 [expr int({$n] set XM

set yl [expr int([$nl set Y_])

set x2 [expr int({$n2 set XM

set y2 [expr int([$n2 set Y_

set d [expr int(sqrt(pow(($x2—$xl),2)+p0w(($y2-$y1 3,200
if {$nd2>=$nd1} {

if {$f1==49} {
puts $dis "\t$nd1\t\t$nd2\t\t$x1\t$y1\t$d"
}

)

if {$d<250} {

if {$nd2!=$nd1} {

puts $nbr me$nd 1\utSnd2iitdd”
}

close $dis
close $nbr

}

#~~-~~-ﬂ~~-~-~~-~~~For Calculating the Residual Energy~——~~""""" e
proc energy {stnode etnode stime etime} {

set etp [open etmp w}

puts $etp ngstnode Setnode $stime Setime”



close $etp
exec awk -f energy.awk etmp Energy-Qos.tr

H e rmrimimamnsme FOT ENETZY based Routing e e

proc routing { tme stnode etnode snk glen s_thres ic beta stme etme}

get rtmp [open rtmp w]

puts Srtmp "$tme $stnode getnode $suk Sqlen $s_thres Slc Sbeta $stme Setme”
close $runp

exec awk -f routing.awk rtmp Res_ene($tme). Xt E-Distance.txt

set 1t [open route.txt r]

set rout [read $rt]

puts "$rout”

close $rt

}

# eermiriramiririraine~F O eunction Calling ——~=~==""~"""""""""""

for {seti 0} {$i<=49} {iner i} §

for {setj 0} {$j<=49} {incrj} {

$ns_at 3.5 "distance $node_($1) Snode_($) $i §j 49"
k]

¥

3

$ns_at 4.51 "energy 049 04.5"

$ns_ at 36.0 "energy 049 535.0"

$ns_at 4.6 "routing 4.5 0 48 49 $qlen $s_thres $lc $beta 5.0 35.0"
$ns_ at 36.6 "routing 35.0 0 48 49 $glen $s_thres $ic $beta 40.0 70.0"

set src Trans.tcl
$ns_ at 4.7 "source $src”
$ns_at 36.7 "source $src”

# --~~-~~~~~~-~--~~Procedure for Energy caloulationrrrrmrn T o

proc fenergy { imee } {

global ns_t i sink0

set i [expr $i+5)

set time 3

set now [$ns_ now)

for {seti0} {3i <=49} {incri} {
set tmp [open templ.tr w}

puts $tmp "[expr $rimee-5] $timee 51"
close $tmp
exec awk - renergy.awk templ.tr Energy-Qos.fr

set tme [expr $now-+$time]
$ns_ at $tme "energy $tme"
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seti0
sett 4
4 For energy of each node

proc nenergy ISE R
global ns _

set cnt 0

set tot 0

set tm [$ns_ now]

setint 3

set rt {open route.txt |
while {!(feof $rip)} 4

set hp [gets $rt]

set tmp [open templ.ir W]
puts $tmp "t $hp"

close Stmp

set cnt [expr $ent+1]

exec awk -f nenergy.awk templ.tr Energy-Qos.tr
set tmp2 {open temp2.tr 7}
set e [gets $tmp2]

set tene($cat) Be

close $tmp2

set en [open ene($hp).tr al
puts Sen "$ivde”

close $en

puts "Node - $hp\tTime - $t\Energy - $e"

)
for {setk 1} {$k<=Sont} incr k3 {
set tot [expr $tene($k)+$tot]

3

set avg [expr $tot/Sent}

set pe_ene [open P-PriResEnergy X& a)
set se_ene [open P-SecResEnergy Xg al
if {$tm <=35} {

puts $pe_ene "$t $avg”

} elseif {3t =40 && $tm<=70} {
puts $se_ene gt $ave”

close $pe_ene

close $se_ene

set tim [expr int($tm+$int)}
if {$tim <=70 IR

$ns_ at $um npenergy Stim"

3

¥
# For Delay Calculation
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set pdely [open pridelay w]
set sdely [open secdelay wl
close $pdely
close $sdely

#set tm 35

proc delay { start end send rec id} {

global ns_ dely mo

set tm $start

set t [open tdly.tr w]

puts $t "Bstart $end $send Srec”

close $t

exec awk -f delay.awk tdly.tr Energy-Qos.it
set pdely [open pridelay a]

set sdely [open secdelay a)

set dly [open tmp$send 1)

set value {gets Sdiy)

if {$tm<=30 && $id==1} {

puts $pdely "$value”

} elseif {$tm>=30 && $tm<=60 && 5i ==2} {
puts $sdely "$value”

}

close Spdely

close $sdely

set tm [expr $tmt3}

if (Stm<=30 && $id=11} {

delay $tm fexpr $tm+5] $send $rec $id

) elseif ($tm>=40 && $tm<70 && $id==2} {
delay $tm [expr $tm+5] $send $rec $id

} else §

return

}

}

set ptp {open P-PriThroughput-xg w]
set stp [open P-SecThroughput.xg w]
set pdp [open P-PriDrop.xg W}

set sdp [open P-SecDrop.xg W)

set ppdr [open P-PriPDR.xg W]

set spdr [open p-SecPDR.xg W]

puts $spdr "35 0"

set pdly [open P-PriDelay.xg W}

set sdly [open P-SecDelay.xg W)

set pe_ene [open pP-PriResEnergy-Xg w]
set se_ene [open P-SecResEnergy Xg w]
close $pe_ene

close $se_ene
close $pdly
close $sdly

proc record { } {
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global ns_ sink0 sink 14 sink28 sink15 sink16 sink24 sink33 sink31 sink26 sink37 sink46 «ink49 pip pdp ppdr
set t [$ns_now]

set itval 5.0

set r0 [$sinkO set npkts_]

set r14 [$sink14 set npkes_)

set r28 [$sink28 set npkts_]

set r15 [$sink15 set npkts_]

set r16 [$sink16 set npkts_]

set 124 [$sink24 set npkts_]
set 133 [$sink33 set npkts_]
set 131 [$sink31 set npkts_]
set r26 [$sink26 set npkts_]
set 137 [$sink37 set npkts_]
set r46 [$sink46 set npkts_]
set 149 [$sink49 set npkts_)
set rec [expr ($r0+$r14+$r28+8r15+5r1 6+$r24+8$r33+5r3 1+$r26+8r37+5r46+8r49)/12]
set 10 [$sink0 set nlost_]
set 114 [$sink14 set nlost_]
set 128 [$sink28 set nlost_]
set 115 [$sink15 set nlost_}
set 116 [Ssink 16 set nlost_]
set 124 [$sink24 set nlost_)
set 133 [$sink33 set nlost_]
set 131 [$sink31 set nlost_]
set 126 [$sink26 set nlost_]
set 137 [$sink37 set nlost_]
set 146 [$sink46 set nlost_}
set 149 [$sink49 set nlost_]
set los [expr ($10+§114+8128+511 5+$116+5124+§133+813 1+8126+$137+5146+8149)/12]
set b0 [$sinkO set bytes_]
set b14 [$sink14 set bytes_]
set b28 [$sink28 set bytes_]
set b15 [$sink15 set bytes_]
set b16 [$sink16 set bytes_]
set b24 [$sink24 set bytes_|
set b33 [$sink33 set bytes_]
set b31 [$sink31 set bytes_}
set b26 [$sink26 set bytes_]
set b37 [$sink37 set bytes_]

set bd6 [$sink46 set bytes_}

set b49 [$sink49 set bytes_]

set byt [expr ($b0+$b14+8b28+5bl 5+$b16+$b24+$b33+5b3 1+$b26+$b37+$b46+8b49)/12]
set pdr 0

if {$rec!=0} {

set pdr [expr (Srec+0.0)/($rect$los)}



}

set tput {expr ($byt*8.0)/ (Sitval*1 000000))
puts Sptp n$et$eput”

puts $pdp "givt$ios”

puts $ppdr "grbpde”

et inter [expr $1+5.0]

if {$inter <=35} {

$ns_ at $inter "record”

3

$sink0 set bytes_0
$sink14 set bytes_ 0
$sink28 set bytes_ 0
$sink15 set bytes_ 0
$sink 16 set bytes_ 0
$sink24 set bytes_ 0
$sink33 set bytes_ 0
$sink31 set bytes_ 0
$sink26 set bytes_ 0
$sink37 set bytes_ 0
$sink46 set bytes_ 0
$sink49 set bytes_ 0

3

proc recordl {} 4

global ns_ sink0 sink21 sink17 sink20 sink35 sink29 sink36 sink44 sink 13 sink4l gink49 stp sdp spdr
set t [$ns_nowl

set itval 5.0

set 1O [$sink0 set npkts_]

set r21 [$sink21 set npkts_}

set r17 [Bsink17 set npkts_]

set 120 [$sink20 set npkts_]}

set 135 [$sink35 set npkts_}

set 129 [$sink29 set npkts_}

set r36 [$sink36 set npkits_]

set rd4 [$sink44 set npkts_}

set 113 [$sink13 set npkts_]

set r41 [$einkd1 set npkts_}

set 149 [$sink49 set npkts_}

set rec [expr {$r0+$r21+$r17+$r20+$r3S+$r29+$r36+$r44+$r1 3+$r41+$r49)/\ 1]

set 10 [$sinkO set nlost_]

set 121 [$sink21 set nlost_]
set 117 [$sink17 set nlost_]
set 120 [$sink?20 set nlost_]

set 135 [$sink35 set nlost_}
set 129 [$sink29 set nlost_]
set 136 [$sink36 set nlost_]
set 144 [$sinkad4 set nlost_]
set 113 [$sink13 set nlost_}
set 141 [$sink4] set nlost_]
set 149 [$sink49 set nlost_]
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sct los [expr ($10+$121+$117+$120+$13 5+$129+513 6+5144-+5113+514 1+$149)/11]

set b0 [$sink0 set bytes_]

set b21 [$sink21 set bytes_]
set b17 [$sink17 set bytes_]
set b20 [$sink20 set bytes_]
set b35 [$sink35 set bytes_]
set b29 [$sink29 set bytes_]
set b36 [$sink36 set bytes_]

set b4 [$sinka4 set bytes_]

set b13 [$sink13 set bytes_]

set bal [$sink4l set bytes_]

set b49 [$sink4d set bytes_]

set byt [expr ($b0+5b21+3bl 7+$b20+$b35+$b29+$b36+$b44+$b1 3+$p4a1+$b49)/ 111
set pdr 0

if {Srec!=0} {

set pdr [expr ($rec+0.0)/($rec+$los)]

¥

set tput [expr ($byt*8.0)/ (2*Sitval® 1000000)]
puts $stp "Seit$iput”

puts $sdp "$rxiblos"

puts $spdr "$e$pdr”

set inter [expr $t+5.0]

if {$inter >=40 && $inter <= 70} {

$ns_ at Sinter *recordl”

3

$sink0 set bytes_ 0
$sink21 set bytes_ 0
$sink17 set bytes_0
$sink20 set bytes_0
$sink35 set bytes_ 0
$sink?29 set bytes_0
$sink36 set bytes_0
$sink44 set bytes_0
$sink13 set bytes_0
gsinka41 set bytes_ 0
$sink49 set bytes_0

$ns_at 5.0 "record”
$ns_at 40.0 "recordl”
$ns_ at 5.0 "nenergy 5"

# Finish Procedure t0 exec NAM Window

proc finish ¢
global ns_ namtrace ptp pdp ppdr stp sdp spdr
$ns_ flush-trace
close $namtrace
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close $ptp
close $pdp
close $ppdr
close Sstp
close $sdp
close $spdr
exec awk -f adelay.awk pridelay
exec awk -f adelay.awk secdelay
exec nam - Sm Energy-Qos.nam &
exec xgraph P-PriDelay.xg -geometry {00x400 -t "Primary Path Delay" -x "Time" -y "Avg Delay" -ly
0,007 &
exec xgraph P-SecDelay.xg -geometry 800x400 -t "Secondary Path Delay" -X "Time" -y "AVE Delay"
1y 0,0.07 &
exec xgraph P-PriThroughput.xg -geometry 200x400 -t "Primary Path Throughput” -X "Time" -y "Mb/s" -
ly0,0.1 &
exec xgraph P-SecThroughput Xg -geometry 800x400 -t "Secondary Path Throughput” -x "Time" -y
"Mbys" -ly 0,0.1 &
exec xgraph P-PriDrop.xg -geometry 800x400 -t "Primary Path Packet Drop” -x vTime” -y "Avg Drop” &
exec xgraph P-SecDrop.xg -geometry $00x400 -t "Secondary Path Packet Drop" -X “Time” -y "AVE
Drop” &
exec xgraph P-PriResEnergy xg -t “Primary Path Residual Energy in the Network™ -x "Time" -y
"Energy” -1y 50,100 &
exec xgraph P-SecResEnergy.xg -t "Secondary Path Residual Energy in the Network” -X "Time" -y
"Energy" -ly 0,70 &
exec xgraph P-PriPDR.xg -geometry 200x400 -t "Primary path PDR" -x "Time" -y "pDR" -y 0.1 &
exec xgraph P-SecPDR.xg -geomeiry 200x400 -t "Secondary Path PDR" X "Time" -y "PDR" Ay 05,1 &
H#exec xgraph pridelay.tr -geometry 800x400 -t "Delay” -X "Time" -y "Avg Delay" &
Hexec xgraph secdelay.tr -geometry 800x400 -t "Delay” -x "Time" -y "Avg Delay" &
#exec xgraph tput.tr -geometry 800x400 -t "Throughput" -X "Time" -y "AVE Throughput” &
#exec xgraph drop.tr -geometry 800x400 -t "packet Drop" -x "Time" -y " Avg Drop” &
#exec xgraph ene(0).1r ene(2).r ene(16).4r ene(43).tr ene(48).tr ene(42).r ene(49).tr &
sexec xgraph ¢_energy.ir -t "Residual Energy in the Network" -x "Time" -y "AVE Residual Energy” &
exit 0

}

$ns_at 101.0 *finish"

puts "Start of simulation.."
$ns_run

Setdest.tr file

$ns_ at 1.00000000000 "Snode_(0) setdest 10.114464158148 942.013027255123 2700.035066006541"
$ns_at 1.00000000000 "$node (1) setdest 563.691525046676 501 767963877818 1500.905881786818"
$ns_ at 1.00000000000 "$node_(2) setdest 315.846925787665 812.162515859540 4000.510692408826"
$ns_ at 100000000000 *$node (3) setdest 949.375272258711 761.441029142526 090.811121758705"
$ns_ at 1.00000000000 v$node (4) setdest 257.359213803596 06.220147495575 2500.7770971 14277
$ns_ at 100000000000 "$node_(5) setdest 1307.223696334876 855.060762497745 2400.965615426853"
$ns_ at 1.00000000000 "$node_(6) setdest 225.225880583511 3 12.021221429206 2200.544625506104"
$ns_ at 1.00000000000 "$node_(7) setdest 351.996194853263 754.343957747226 2500.3910]2798373"
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$ns_ at 1.00000000000 "$node_(8) setdest 506.204518193039 173.194032574156 2000.598308743082"
Sns_at 1.00000000000 "$node_(9) setdest 637.524155210011 033.036542529147 2000.161486241871"
$ns_ at 1.00000000000 "§node_(10) setdest 758.090738537459 493.528115016839 1300.918261203216"
$ns_ at 1.00000000000 "§node (11) setdest 108.391744840304 034.696071226332 1200.1 32044763645"
$ns_ at 1.00000000000 ngnode (12) setdest 928.901119627858 382.073138186711 1800.822636381981"
Sns_ at 1.00000000000 "$node_(13) setdest 1377.413553229072 182.661385758214 2000.959877918860"
Sns_at 1.00000000000 "$node_(14) setdest 28.859140797216 739.086348976463 2700.358595449614"
Sns_ at 1.00000000000 n$node_(15) setdest 169.938168848664 504.571712680840 2600.600310735606"
$ns_ at 1.00000000000 n§node_(16) setdest 400.886480278426 496.818870206905 2700.409430227979"
$ns_ at 1.00000000000 "§node_(17) setdest 4725.022206531982 906.390711583492 1300.395724330635"
$ns_ at 1.00000000000 "$node_(18) setdest 203.364052774320 719.687297091577 2600.485383787416"
$ns_ at 100000000000 "$node_(19) setdest 109.124617962614 184.138610053070 2400.206418999223“
$ns_at 1.00000000000 "gnode (20) setdest 587.943723027663 806.072552142453 7000.648507312613"
$ns_at 1.00000000000 "gnode_(21) setdest 196.972319330611 012.626162021012 900.727807998048"

$ns: at 1.00000000000 "$node_(22) setdest 071.632152343981 302.151511249951 2000.955992’."93396"

$ns_ at 1.00000000000 "$node_(29) setdest 910.148667711514 61 1.451410107755 1000.409298810906"
$ns_at 1 .00000000000 "gnode_(30) setdest 354.631123501639 223.977622720261 1 500.419918253865"
$ns_ at 1.00000000000 "gnode_(31) setdest 756.740442836194 41 595608283739 1400.001516318488"
$ns_at ! 00000000000 "$node_(32) setdest 1152.478912857271 699 488481317089 2400.607651650065"
$ns_ at 1.00000000000 "$node_(33) setdest 638.959989254288 165.029777173464 2600.939512808672"
$ns_atl .00000000000 "gnode_(34) setdest 1055.638470005431 234.259756513412 1 300.824120907909"
$ns_atl .00000000000 "$node_(35) setdest 746.906579999386 699.895116994666 1300.61013101 4350"
$ns_ at 1.00000000000 "$node_(36) setdest 1093.458789292590 548.551380225152 300.037439749061"
$ns_ at 1.00000000000 "$node_(37) setdest 1040.709567147212 65.081598471143 2100.641336675128"
$ns_ at 1.00000000000 n"gnode_(38) setdest 1110.656611247122 903.145032178184 2100.557110432507"
$ns_ at 1.00000000000 "§node_(39) setdest 945 445064397662 915.312115269927 1800.432124458226"
$ns_ at 1.00000000000 "gnode (40) setdest 1156.284324593642 145.153485914675 2800.140252633759"
$ns_ at 1.00000000000 "$node_(41) setdest 1376.869004383859 213.778480532096 1900.404170079172"
$ns_ at 1.00000000000 n$node_(42) setdest 1294.311390478343 144.339749226968 2300.560269228308"
$ns_ at 1.00000000000 "Snode_(43) setdest 743.240246090566 118.589053081936 1500.470332407353"
$ns_ at 1.00000000000 "§node_(44) setdest 1268.388623240598 506.171293402936 1600.022746281869"
$ns_ at 1.00000000000 "§node_(45) setdest 1271.286282139723 302.914483394058 1600.571497474069"
$ns_at 1.00000000000 "$node_(46) setdest 1253.033356101005 36.583208531446 1700.099295066822"
$ns_ at 1.00000000000 "$node (47) setdest 477.613332179276 37.511546002329 2000.508512732519"

$ns_ at 1.00000000000 "$node_(48) setdest 1163.338793097639 380.288220334786 2500.723099738919"
$ns_ at 100000000000 "$node_(49) setdest 797.579663600905 60.584441336236 3000.777028599200"
$ns_ at 1.00000000000 "$node_(49) setdest 1406.739743458542 36.951211115777 2500.887179280290"

# creating Label

$ns_at 3.0 "$node_(0) label Sink”

$ns_ at 3.41 "gnode_(0) add-mark <2 blue4 hexagon”
$ns_at 3.41 "$node_(0) color red!”

$ns_at 3.0 "§node_(49) label Source”
$ns_ at 3.41 "$node_(49) add-mark c2 red4 circle”
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Sns_ at 3.41 "$node_(49) color blue”

for {setil} {$i<49} {incrij {
$ns_at 3.4 "$node_ (i) color purple"
$ns_at 34.4 "$node (§i) color purple”
}

Routing.awk

BEGIN {
nd=-1

i=0

=0
maxen=-1
maxe=0
m=1

¥

{

i TEMP il R

{f(FILENAME=="rtmp") {
time=$1
stnode=9%$2
etnode=9%3
snk=%4
puffer=3%5
s_thres=$6
1e=%7
beta=$8
stme=39
etme=$10

=1
)
B T DISTANCE calculationrrrrrmrrmr=r """

if(FILENAM =="E-Distance.txt") {
if($1>=0 && $1<=50) {

if(nd!=%$1) {

flg=0

¥

if(flg==0) {
nd=3%1
flg=1

s[i,11=31
s[i,2]=%3
s[i,3]=%4
1+
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)
}
3

Home e Residual Energy~~~-~-~~~r-~~-~-~~~~-~
if(FILENAME!="rtmp" && FILEN AME!="Energy-Qos.tr" && FILENAME!="E-Distance.txt") {
If$2>=0 && $2<=50) {

efj,1)=%2

e[j.2]=$3

i+

H

}

}

END {

tme=time+3

print "Routing at time - "time > "route.txt"

print 0 > "route. txt"

print
"*********************************************************************************#******
**************************************" = "Routing—Table("time").txt"

print "tSource\titintermediate Nodes\t\tDest\tHcount\thm_Ene\t\tRes_Ene\t Free Buffer SS_Thres LCc" >
"Routing—Table("time").txt"

print
"****************************************************************************************
**************************************" > "ROUIing-Table("time").txt"

mene=0

tene=0

txene=0

xd=s[snk,2]

yd=s[snk,3]
for(sn=stnode;sn<=em0de;sn++) {
nxtnd=sn

inter=sn

while(nxmd!=snk) {
inter=nxtnd

x1=s[nxtnd,2]

y1=s[nxtnd,3}
for(nn=0;nn<=49;nn++) {
x2=s[nn,2]

y2=s{nn,3]
d=sqrt(((x2-x1Y"2H(y2-¥1)"2))
if(d<=250 && sn!=nn) {

if(nn==snk) {
mdis=d
mene=e[nn,2]
nxtnd=nn
tene=1-+beta*d

) else {
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if((x2>x1 && x1<1250 && y2<yl && y1>100) || (y1<100 && x2>x1) || (x11250 && y2<y)) {
cnod=nn

cdis=d

tene=1+beta*d

cene=¢[nn,2]

ifimene<cene) {

mene=cene

mdis=cdis

cmnod=cnod

nxind=cmnod

tene=1+beta*mdis

YHmax

1# Opt Neighbor

¥

Y# not in range

Vi ifor

xene=txenetiene

if(sn==0) {

print nxtnd > "route.txt”

int_nodes[m]=inter
m+-+

cnode=-1

mene=0

mdis=0

cmnod=0

} #While

iflm==2) {

print "\t"int__nodes[l]"\t\t-\t\t\t\t"snk"\t"m—Z"\t"txene/ 1 000"\t\t“e[inter,2]"\t"buffer"\t"s_thres"\t"lc > "Routing-
Table("time").txt"

} else if(m==3) {

print "\t"int_nodes(1 ]"\t\t"int_nodes[Z]"\t\t\t\t"snk"\t“m-2"\t"txene/ 1000™t\t"e[inter,2] "\t "buffer™t" s_thres"\t"lc
> "Routing-Table("time").txt"

} else iftm==4) {

print "\t"int_nodes[1]"\t\t“int_nodes[2]"-"int_nodes[3]"\t\t\t\t"snk"\t"m-

2"it"txene/ 1000“\t\t"e[inter,2]"\t“buffer"\t"s_thres"\t"lc > "Routing-Table("time").txt"

2"t "txene/1 000"\t\t"e[inter,2]"\t"buffer"\t"sﬁ_thres"\t"lc > "Routing-Table("time"). txt"

1 else if(m==6) {

print "\t"int_nodes(1 ]"\t\t"int__nodes[2]"-“int_nodes[3]"—"int_nodes[4]"-"intfnodes[S]"\t\t\t"snk"\t"m-
2"\t"txene/ 1000"\t\t“e[inter,2]"\t“buffer"\t“s_thres"\t“lc > "Routing-Table("time").txt"

} else if(m==7) {

print "\t"int_nodes[1]"\t\t"int_nodes[Z]"-"i11t_n0des[3]"—"int_nodes[4]"-"int_nodes[S]"-
"int_nodes[6]"\t\t\t"snk"\t“m-2"\t"txene/ 1 000"\t\t"e[inter,2]"\t“buffer“\t"s#thres”\t"lc > "Routing-
Table("time").txt"

} else if(m==8) {

37



print my"int_nodes{1 ]“\t\t"int__nodes[2]"-"int_nodes[S]"-"int__nodes[4]"-"int_nodes[S]"-"int_nodes[6]"-
"int_nodes[':’]"\t\t"snk"\t"m-Z"\t"txene/ 1000"\t\t"e[inter,2]"\t"buffer"\t"s_thres"\t"lc > "Routing-
Table("time").txt"

} else if(m==9) {

print "\t"int_nodes[l]"\t\t“int_nodes[2]"-"int_nodes[3]"-"intdnodes[4]"-"int_nodes[S]"-"int_nodes[6]"-
"int__nodes[’."]"-"int_nodes[S]"\t\t"snk"\t"m-2“\t"txene/ 1 000“\t\t"e[inter,2]"\t"buffer"\t"s_thres"\t"lc > "Routing-
Table("time").txt"

} else iffm==10) {

print "\t"int_nodesf1 ]"\t\t"int__nodes[l]"-"int_nodes[S]"-"int_nodes[4]"-"int_nodes[S]“—"int_nodes[6]"-
"int_nodes[7]"-"int_nodes[8]"-"int_nodes[_‘)]"\t\t"snk"\t"m-
2"\t“txene/1000"\t\t"e[inter,2]"\t"buffer“\t"s_thres"\t"lc > "Routing-Table("time").txt"

} else if(m==11} { ‘

print "\t"int_nodes{l ]"\t\t"int_uodes[2}"-"intﬁnodes[3}"-"im_nodes{ﬁl]"—”int_nodes[5]"-"i111;110des[6]"-
"int'nodes[’l]“-"int_nodes[S]"-"int_nodes[9]"-"intﬂnodes[l 0]" \t"snk"\t"m-

2"\t"txene/ 1000"\t\t"e[inter,2]"\t"buffer"\t"s_thres"\t"lc > "Routing-Table("time").txt"
if(int_nodes{11==0) {

frac=0.00

for(ss=1;ss<=9;ss++) {

print "set cbr“int_nodes[ss]"_"int_nodes[ss+1]" [attach—CBR-trafﬁc $node_("int_nodes[ss]")
$sink"int_nodes[ss+1]"]" > "Trans.tcl"

print "Sns_ at "stme-+frac” \“$cbr"int_nodes[ss]"__"int__nodes[ss+1]" start\"" > "Trans.tcl”

print "$ns_ at "etme” \“$cbr"int_n0des[ss]"‘_"im__nodes[ss%'1]" stop\"" > "Trans.tel"

print "$ns_ at "tme+0.0" \"$node_(“int_nodes[ss+1]") color chocolate\"™ > "Trans.tel"

print "$ns_ at »75 5+frac" \"delay "stme” nstme+5" "int_nodes(ss]" "int_nodes[ss+1]" 24 > "Trans.tcl”
frac=frac+0.01

print “set cbr'int_nodes[10]"_"snk" {attach-CBR-traffic $node_("int_nodes[10]") $sink"snk"]" > "Trans.tel”

#print "Sns_ at "tne+0.0" \"$node_(™) color blue\"" > "Trans.tcl”

print "$ns_ at 75 5+frac" \"delay "stme" nstme+S" "int_nodes[ss]" "snk” 2" > "Trans.tcl”

)

} else iffm==12) {

print "\t"int_nodes[1]"\t\t"int__nodes[Z]"-"int_nodes['.’a]"-"int_nodes[4]"-"int_nodes[S]"—"intﬂnodes[6]"-
"int__nodes[?]"-"int_nodes[S “—"int_nodes[9]"-"int_nodes[10]"-"int_nodes[1 1]"\t"snk "\ m-
2"t"txene/ 1000“\t\t"e[inter,2]“\t"buffer"\t"s_thres"\t"lc > "Routing-Table("time").txt"
if(int_nodes[1]1==0} {

frac=0.00

for(ss=1;ss<=—'10;ss-!—+) {

print "set cbr"int_nodes[ss]"_"int_nodes[ss+1]“ [attach-CBR-traffic $node_("int_nodes{ss]")
$sink"int_nodes[ss+1]"]" > "Trans.tcl”

print "$ns_ at "stme+frac” \"$cbr"int_nodes[ss]"_"int_nodes[ss+1]" star\"” > "Trans.tcl”
print "$ns_ at "etme" \"$cbr"int_“nodes[ss]“__"int_nodes[ss+1]" stop\"" > "Trans.tcl”

print "$ns_ at "tme-4.0" \"$node_("int_nodes{ss+1]") color chocolate\™ > "Trans.icl”

print "$ns_ at "40-+frac” \"delay 5 10 "int_nodes[ss]" "int_nodes[ss+1]" " > "Trans.tel”
frac=frac+0.01

print "set cbr'int_nodes|1 1]"_"snk" [attach-CBR-traffic Snode ("int_nodes[1 11"y $sink"snk"]" > "Trans.tel”
print "$ns_ at nstme+frac” \"$cbrint_nodes{! 1)" "suk" start\"" > "Trans.tel”
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print "$ns_ at netme" \"$cbr"int_nodes[] 1]" "snk" stop\"" > "Trans.tcl"
#print "$ns_ at "tme+0.0" V'$node_(""') color blue\"™ > "Trans.tcl"
print "$ns_ at "40+frac™ \"delay 5 10 "ini_nodes[ss]" "snk" 1\"" > "Trans.tcl"

}

1 else iffm==13) i

print "\t"int__nodes[1]"\t\t"int'_nodes[Z]"-"int_nodes[3]"-"int__nodes[4]"-"int_nodes[5]"-"int_nodes[6]"-
"int__nodes[':’]"—"int_nodes[8]"-"int_n0des[9]“-"int_nodes[l0]"-"int_nodes[ 11]"-"int_nodes[1 2]™t"snk "\ " m-
2"\t"txene/ 1000"\t\t"e[inter,Z]"\t"buffer"\t"s_thres"\t"lc > "Routing-Table("time").txt"

}

txene=0

tene=0

m=1

1 # for

}

Residual Energy.awk

BEGIN {
stnode=0
etnode=0
stime=0
etime=0
n=-1

=0
nd=-1
ene=0

1
i3

{

if(t FILENAME == "etmp") {
stnode=%1

etnode=32

stime=3%3

etime=5%4

}

if(FILENAME != "etmp") {
n=51
=33
nd=3%5
ene=3%7
if($1 =="N") {
for(i=stn0de;i<=etnode;i++) {
if(t>=stime && t <= etime) {
iftnd==1) {

node[i,1]=1
node[i,2]=ene

X
§

;
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[

}

END {

print A ***************************************" = "Res ene("etime").[xt"
print m¢Time\tNode-id\iResidual-Energy” > "Res_ene("etime").txt"

pnl'lt " ***************************************" = "Res ene("etime“).txt"
for(i=stnode;i<=etnode;i++) {

print mi"etime"\t"mode[i,1]"\"node[i.2] > "Res_ene("etime").txt"

3

}

Energy.awk

BEGIN {
nod=0
energy=0
time=0
node=0

}

{

if(FILENAME == "templ.tr") {
node=%2

time=351

}

if(FILENAME == "Energy-Qos.tr"} {
n=51
=83
nd=%5
ene=57
if($1=="N") {

if(nd==node) {

if{-time-5 && t <= time) {

nod=node
energy=ene
tme=t

J i

END {
print energy > "temnp2.tr';}
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Primary Delay.awk

BEGIN {
i=1

}

{

{f(FILENAME=="pridelay" || FILENAME=="secdelay") {
fle=FILENAME

dfi,13=81

d[i,21=$2

-+

}

}
END {

if(fle=="pridelay") {
for(k=10;k<=35;k=k+5) §
for(j=1;j<izj++) {
if(k==d[j,1]) {
tik]=t{k]+d[j.2]

¥

}
print k" "t(k] > "P-PriDelay.xg"
}

3

if(fle=="secdelay") {
for(k=45;k<=70;k=k+5) {
for(=15<ij++) {
if(k==d[j,1]) {
t[k}=t{k]+d[j.2]

3

}
print k" "t{k] > "P-SecDelay.xg"
}

}
}

Secondary delay.awk

BEGIN {
st=0

et=0

i=1

=0
stime=0
etime=0
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seh=0
=1
seq=0

tot=0
avg=0
flg=0

;

{

if(FILENAME=="td1y.tr") {
start=%1

end=%2

sender=5%3

rec=34

}

if(FILENAME=="Energy—Qos.tr") {
if(§3>=start && $3 <=end) {

if($1=="s" || $1=="1" | $1=="f" || $1=="d") {
if($31~sender && $33~rec) {

if($7>=0) {

if(fig == 0) {

sta=547

flg=1
}

else {
en=5%47

}
valli,1]1=$3
val[i,2]=$47

++

¥

}

}

¥

}

}

END {

seq=en-sta
for(i=sta;j<en;j++) {

while(k<=1) {

if==val[k,2]) {

if(f==0) {
=1
stime=val[k,1]
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if(avg<0} {
avg=0

K++

I
i)

dlay=etime-stime
tot=tot-+dlay

=0

k=0

stime=0

etime=0

seh=0

} avg=tot/seq

——

43

}

else {
etime=val[k,1]
seh=val[k,2]

1

5



6.2 SNAP SHOTS

« Routing Information

I obt@localhosti~/appProboes

_ File Edit  View Terminal Tabs Help

‘start of simulation..

‘SORTING LISTS ...DOME!

channel.cesendup - calc highestantennaZ and distlsT
highesthantennal = 1.5, distlsT = 451.8

Rodting at time - 4.5

- B
14
28
15
‘16
‘24
T 33
31
26
37
46
49
Hode - Routing at time - 4.5 Time - 3 tnergy - 9
Node - & Time - 5 Energy - 99.941714
Node - 14 Time - 5 Energy - 99.943231
Mode - 28 Time - 5 Energy - 99.941997
Node - 13 Time - 5 tnergy - 99.941938
Mode - 16 Time - 3 Energy - 99.943834
Mode - 24 Time - 5 Energy - 99.944284
Node - 33 Time - 3 tnerqy - 99.945745
Hode - 31 Time - 5 Energy - 99.950845
Node - 2G Time - 5 Znergy - 99.947418
Node - 37 Time - 3 Znergy - 99.947738
e Hode - 46 Time - 2 Thnergy - 99.945335
£ applications Places System @ . o §) root satApr 2, 3Ll PM 0 -

Here the routing information for the primary path is chosen at the Routing time of 4.5, and

routing table is updated. It also lists the information of Node, Time at 5 and Energy.
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+ FEile
“Node
“Node
iNode
:Node
"Node
Node
“Node
MNode
.Node
‘Node
iMode
Mode
Mode
Mode
MNode
Node
Node
Mode
Mode
MNode
Node
MNode
Mode
Node
Nade
MNode
MNode
Nade
‘Node
Node

Edit Miew Terminal Tabs Help
Time - 5 Energy - ©
mouting at time - 4.5 Time -
< Time - 1€ Energy
14 Time - 1@ Energy
25 Time - 10 Enerqy
15 Time - 16 ENergy
16 Time - 10 Energy
24 Time - 18 Enerqgy
33 Time - 1@ Energy
31 Time - 1@ Energy
26 Time - 1@ Enerqgy
37 Time - 10 Enerygy
46 Time - 10 Energy
49 Time - 1@ Enerqy
Time - 1@ Energy - @
Routing at time - 4.3 Time -
[c] Time - 15 Energy
14 Time - 15 Enerqy
28 Time - 15 Energy
15 Time - 15 Energy
16 Time - 15 Energy
24 Time - 15 Energy
33 Time - 15 Enerqgy
31 Time - 15 Energy
28 Time - 15 Energy
37 Time - 15 Energy
46 Time - 13 Energy
49 Time - 15 Energy
Time - 15 Energy - ©

Routing at time - 4.5

Time -

€ ~vplications Places System aF ot

Here the routing information for

1a Energy - ©
- 97.839834
- 96.676808
- 96.656979
- 96.515905
- 96.878751

- 96.142862
- 96.144381
- 96.751309
- 96.222989
- 96.705665
- 97.7545%05
- 98462437

15 Energy - ©
- 93.924978
- 93.650354
- 93.627342
- 93.487389
- 9z2._.587794
- 92.550160
- 92.563902
- 93.678087
- 92.666852
- 93.583994
- 95.708881
- 97.153591

20 Energy - @

—

€) root satapr 2. 3:11PM o _#

the primary path is chosen at the Routing time of 4.5, and

routing table is updated. It also lists the information of Node, Time at 10& 15 and Energy.
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]
(]

L Eile
iNode
Node
‘Node
‘Node
“Node

- :Mode
‘Node
‘Node
iiNnode
‘Node
‘Node
Hode
Mode
node
Mode
Mode
Node
Node
Nade
Node
Mode
Mode
Node
node
Node

Hode -

MNode

Hode -

Node
Node

Time - 13
Routing at time
5] Time -
14 Time -
28 Time
15 Tir
16 1
24 T
33 -
31
26
37 -
46 e -
49 yime -
Time - 20
Routing at time
<) Time -
14 Time -
28 Time -
15 Time -
- 16 Time -
- 24 Time -
33 Time -
31 Time -
26 Time
27 Time -
46 Time -
49 Time -
Time - 25

Edit  Yiew Te rinal

Tabs
Enerc’

- 4.7

20

20
20

20

pdc]
Energy
- 4.5
25

25

25

25

25

25

25

23

25

23

25

25
Energy

Routing at time - 4.5

a2y
2rgy
cnergy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
-G
Time -

Enerdy
Enerqgy
Energy

Energy
Energy
ENEergy
Energy
Energy
Enerqy
-

Time -

£3 ~pplications Places system @&

Here the routing i

routing table is updated. It

nformation for the primary path is chosen at the Routing time of 4.5, and

4.
- 20,
- 98,
- 98,
- 89.
- 89.
- 89.
- 80.
- 89.
- 99,
- 93,
- 95.

Enerqy
Q72983
638500
6Ua585
4093385
101170
137192
653363
660432
195364
576371
722550
877423

Energy

. 238312
.649937
.611112
.313345
.547931
.3

L437513
.54B125
LEE3TTY
L 481769
.710013
567718

tnergy

also lists the information of N

46

- a

-9

o]

§) root sat Apr 2. 3:14 PM uyS

i

ode, Time at 20 & 25 and Energy———



7
(=

File
“Node
Made
Node
-Nade
“MNode
Mode
«Node
\Node
‘Node
"Node
‘Mode
" Node
MHode
Mode
MNode
Node
Node
Node
Mode
Mode
Node
Node
Node
Mode
Nade
Mode
Mode
Mode
Mode

€3 Applications Places

Here the routing information for the primary path is chosen at the Routing time of 4.5, and

routing table is updated. It also lists the information of Node, Time at 30 1nd 35 and Energy.

Edit  ¥iew Terminal Tabs Help
Time - 25 Energy - O
Routing at time - 4.5 Time -
4] Time - 30 Ene:rgy
14 Time - 3@ Energy
28 Time - 30 Energy
15 Time - 30 Energy
16 Time - 3 Energy
24 Time - 30 Energy
33 Time - 30 Energy
31 Time - 30 Energy
26 Time - 30 Energy
37 Time - 30 Energy
4G Time - 30 Energy
49 Time - 30 Energy
Time - 30 Energy - ©
Rotting at time - 4.5 Time -
o Time - 35 Energy
14 Time - 35 Energy
23 Time - 35 Energy
15 Time - 35 Energy
16 Time - 35 Energy
24 Time - 35 Enerqy
33 Time - 35 Energy
31 Time - 35 Enerdgy
28 Time - 33 Energy
37 Time - 35 Enerqy
46 Time - 35 Enerqgy
49 Time - 35 Energy
Time - 35 Enerqy Q

Routing at time - 35.8
System k¢ 7

47

Eneragy

3. 391956
4., 647335
4.6301115
3. 2477355
.011454
.B1874
. 889373
438402
156124
4.395205
. 683483
L259232

Energy

. 5153582
. 624364
.556153
.165235
. 506247
579335
.382521
. 479574
LB41035d
. 303183
L G23965
926208

il

a

reot

Sat Apr

-

315 PM

B!



File Edit View Terminal Tabs Help
Routing at time - 35.0
0
21
17
.20
+ 35
‘29
36
44
113
41
49
Node - Routing at time - 35.90 Time -
Node - @ Time - 40 Energy
Node - 21 Time - 4@ Energy
Mode - 17 Time - 40 Energy
Node - 28 Time - 40 Energy -
Mode - 35 Time - 40 Energy
Hode - 29 Time - 409 Energy
Mode - 36 Time - 4¢ Energy
Node - 44 Time - 40 Energy
Node - 13 Time - 40 Energy
Node - 41 Time - 40 Energy
Node - 49 Time - 4@ Energy
Mode - Time 4@ Energy - ©
Node - Routing at time - 35.9 Time -
Mode - @ Time - 45 Energy
Mode - 21 Time - 45 Energy
...... rode - 17 Time - 4% Znergy

€9 ~pplications Places System e

Here the routing information for the

routing table is updated. It also i

48

Enerqy
.429710
.Q21866
.094763
. 158698
.138642
.323070
. 808577
.310233
458071
.072169
.902493

Energy
. 440423
. 387465
.932379

[c]

€]

Al

3 root Satapr z. 3:15 3%

Secondary path is chosen at the Routing time of 35.0, and
sts the information of Node, Time at 40 & 45 and Energy.



“root@tocalhosti~/app/Propos
.~ File Edit view Terminal Tabs Help

‘Node - Time - 48 Energy - 0 -
Node - Routing at time - 35.0  Time - 43 Energy - @
Made - 9 Tire - 45 tmergy - 86.440423
Node - 21 Time - 43 Fnergy - 83.387495
Node - 17 Time - 45 Energy - 82.832379
: Node - 20 Time - 45 Energy - 83.86044%
Mode - 35 Time - 43 Energy - 88.846777
Node - 29 Time - 45 Tnergy - §9.049664
Node - 36 Time - 45 Energy - 92.988340
Node - 44 Time - 45 Energy - 96.049433
Node - 13 Time - 45 Energy - 92.676833
‘Node - 41 Time - 45 Energy - §9.323832
Node - 49 Time - 45 Energy - 99.455199
Node - Time - 45 Energy - @
Node - Routing at time - 33.9 Time - 50 Energy - 9
Node - @ Time - 5@ Energy - §4.373232
Node - 21 Time - 58 Energy - 80.948297
Node - 17 Time - 59 Enerqgy - 79.987880
‘Node - 20 Tire - 5@ Energy - 83.843582
Node - 33 Time - 38 Energy - 85.847580
Node - 29 Time - 58 Energy - 86.847962
Node - 36 Time - 3@ tnergy - 88.585113
‘Node - 44 Time - 58 Znergy - 93.0185096
‘Node - 13 Time - 30 gnergy - 90,103159
Node - 41 Tire - 50 Znergy - 86.730914
Node - 49 Time - 59 Snergy - 89.138751
Wode - Time - 30 Energy - 0
Node - Reuting at time - 35.0  Time - 35 Energy -
Node - © Time - 55 Energy - §2.670853
. Node - 21 Time - 33 Energy - 76.472142

BApp\ications Places System @ o @ root Sat Apr 2. 3115 PM @

Here the routing information for the Secondary path is chosen at the Routing time of 35.0, and

routing table is updated. It also lists the information of Node, Time at 45 & 50 and Energy.
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' root@locathost:~/app/Proposed

File Edit View Terminal Tabs Help

‘Node - Tirme -
Node - Routing at time

Node - &
Mode - 21
Node - 17
- Node - 20
Node - 33
Mode - 29
MNode - 38
Node - 44
MNode - 13
Node - 41
‘Mode - 49

5@

Time -
Time -
Time -
Time -
Time -
Time -
Time -
Tire -
Time -
Time -
Time -

Naode - Time - 33

Node - Routing at time

Node - @

Mode - 21
Mode - 17
Node - 20
Node - 35
Node - 29
Node - 36
Node - 44
Node - 13
Node - 41
Node - 49

Time -
Time -
Time -
Time -
Time -
Time -
Time -
Time -
Time -
Time -
Time -

Mode - Time - 69

Node - Routing at time

Node - O
. Mode - 21
i

Time -
Time -

Energy - ©

- 35.8  Time -
55 Energy
55 Energy
55 Energy
55 Energy
55 Enerqy
53 Energy
55 Enerqy
55 Energy
55 Energy
55 Energy -
535 Energy -
Energy - 0

- 35.9 Time
6e Energy
60 gEnergy
68 Energy
68 Energy
6@ Energy
60 Energy
3l Energy
L] Enerqgy
60 Energy
60 gnergy -
60 Energy -
Energy - @

- 3.0 Time -
65 Energy
65 Enerqy

£ Applications Places System @

- 82.
- 78.

=

- 82.

- 83.

I

- 35,
- 89.

- g7

- 60

- 80.
- 75,
- 74,
- 79,
- 79.
- 80,

- 86.
- &4,
3l1.
aa.

65
- 78
- 73

g4,
87.

Energy - 0
670053
472142
.B23220
786600
.8235823
a96344
133476
989797
.309017
155324
792570

Energy - O
779531
94708359
043226
706496
791333
866977

893922
872949
519913
452289

Energy - 0
.9333380
333313

i
5 ]

: ..'J root Sat Apr 2, 3:15PM 0 -

Here the routing information for the Secondary path is chosen at the Routing time of 35.0, and

routing table is updated. It also lists the information of Node, Time at 55 & 60 and Energy.
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€9 Applications Places

Edit View Terminal Tabs

- 13 Time - 60 tnergy -

- 41 Time - 60 Energy -
49 Time - 6@ Energy
Time - o0 Energy - ©
Routing at time - 35.¢ Time -
3] Time - 65 Energy

- 21 Time - 85 Energy
17 Time - 63 Energy
20 Time - ©3 Energy
35 Time - 65 nergy -

- 29 Time - &3 Energy -

- 36 Time - 65 Energy -
44 Time - &5 znergy
13 Time - 65 Energy
41 Time - 65 Energy
49 Time - 65 Energy
Time - 65 Energy - O
Routing at time - 35.8 Time -
o} Time - 70 Energy
21 Time - 70 Energy
17 Time - 70 Energy
20 Time - 70 Energy
35 Time - 70 Energy -
29 Time - 70 Energy
36 Time - 70 Energy
44 Time - 70 Energy
13 Time - 70 Energy

- 41 Time - 70 Energy
49 Time - 70 Energy -
Tire - 70 Energy - 9

System g

Help

84
81
- 86

- 71

- 76,
G,

77

- 82

- 78.
- 85,

- Fi.
- 71,
- 68.
- 73,
73.
- 74,
- 74.
- 80.
- 79.
- 76.

83

78.
- 73,

8.

- 83.

.872949
.519913
.452289

Energy -

933088
5333513
.09a882
656013
757858
.Q76586
a7748%
831485
.256885
910794
110621

Enerqy -

113345
130444
189403
6408914
300609
074797
541037
740860
586994
236087
.737089

8

Gl

gf.E) root Sat Apr 2, 3:17 PM 0o

Here the routing information for the Secondary path is chosen at the Routing time of 35.0, and

routing table is updated. It also lists the information of Node, Time at 65 & 70 and Energy.
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Initializations of Nodes

N T N S R
. .
© © @ ®
© ©
® o © @ e
® ® ®
e © ©
@
© © ®© ©
@ ©
® @ ) @

) :IIﬁiﬁmﬁhlﬂﬂﬂlﬂuﬂ_ﬂilﬂIII||.|1lil-l.lIQEIII!!IM!!I_I_IIJ‘IiI_IhﬂﬂiIJlﬂllllllllIIIII{lll||I!miIIII!l\!_III'Ilﬁ_IIIll‘!IIIII|!l_l1II|ll1_\!'III!l!.lilillllillll'l%l_ll_l!Il|ilI!Ilﬂ|l||||ll||l|||il\!_||._lli|IIIlIL&IIIIlltlilllllhli!ll_lilIIII|'|I|III|!lII.lll'g1LI_\_IHlL_I_Ilj!I%IIII!Hl.llllﬂlll_lllﬂlllli'li|IiIHLhII;IiI_II_I_Hillll_illlllllilll.l

i
{5 Applications Places System @ - 3 root SatApr 2, 3:22PM 4D s

Here the Nodes are Deployed.
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e [Initializations of Source and Sink

e — T e ok mam |
o ma , e eanen
- o e e - e ——
()
't }
o @ © “ o
© & SO
O ) it
3
O T
& o & o 5]
iy} i O
o © C e o
e D)
© o © O @
© o @ ®
v |IIIlLlﬂlmmmllll|||||||lllIlll||||||IIIIIIHI!||l|_||||IIIIiWIII!I||||II}li|1||||||I|IILILll]lIIIIIIFI\hﬂlillllllllllllL‘il|||||||]|t|WI'IIIIIIIR‘IllllllIIiII[lJHI||||||||||L|\||||IIIIII||lﬁﬂlIII||l||||lLlHIIIIIlI||||iﬂ|1|1|i||||||llll\lUl‘!lllllllltﬂHH_IIll||||||||ilimm"llllllllllhil\ﬂ|||!||||||III|IIIHHll‘llllllllltl
£ ~pplications Places System A "+ g3 root SatApr 2. 3:22PM O

e Energy Transmission

-3 i S S S g e
e = BERERRR : s ot
" Eile Views Analysic Enargy-Goa.mam
« T = » _ e s.0gesay  Stow: 12.6m3
e - -,
&>
. eo
T

/'
& )
\.-a/

T L e L2

q". i < ,;‘ =7 a": AN

‘/‘.\v‘ ‘ﬁa, - s 7 ;;I|~\ C-D \\\‘. 55\‘ (7

AN : \ e FAGL 1 S )
@‘-‘\"7‘"} DB ‘\*‘“ I RS
NFF R AN >

o
)
¢
"

|IIIIU\ll]llllllllﬁmﬁlllldlﬂ]IillllllllllldIill||||||IIIIIlll]|1IIIIIlllllhlﬂlﬂlhlllllllll\I\|||||ItIIILIU.u!III!IIIIIlIIiImll|IIIIIIIHLIHIIIII|IIIIFIillll|I|IIIIILILIUIIII|IIIIIIRF|J|HIIIIIEIIILIH!liIlIIIIIIiIIIFIiILll]IIIIIIItlLlLHI\III!IIIIIIIIL|LILHHIIlIIIIIIItIhLUIWIIIlIIIIIIIl[ILhHI\lilllillllililiﬁl\HI}I\HIIIIIII

ff3 applications Places System jg T ) root Sat spr 2. 2I2PM O o]
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¢ Primary Path

13o0FiEq LRt 12.6ms

ilm||I1||||||||J||NIIHll||||||||h||||1|||h|||Ilmmmllﬁll|||||"|||u|||\|!|||||||ﬂ1||EH||||!||||\lllli"lﬁllll‘llllullﬂ|||m||Elllﬂl"hllmlltlllllulhﬂ|ﬂ]||iﬂ|||lUlhUl||\||||]|||iii|ﬂ|||||l]|||\ll||lll|U1|||dillmlld!llllll“l\lllﬂ|||h||||ﬂ]||lﬂ|||m||||||L\i||W|||lli|||I“ﬂﬂlllmlllm"mll
& @ root Sat Apr 2. 3:24 PM o,

&
£ Applications Places System &

44 -~ [} - > 41.2448ny Stew: 12.6ma

|Ilﬂ|lllilllIIIBiIlllﬁlllIlhlllIIEII‘IIILIIIIILII|Ilﬂ||||lﬂ||||hllllllllIILII_IIIIiIIIIIHl'IIHIIIIIhlIIIIlllilmlllllliIIIIH!I|II\IIIIIﬂIIIImllll!lllIIllIIIlﬂlllliﬂllllﬂ!llllﬂlll&ﬂllm LIIIillLI!IIIHIIIILNIIIIiHlIIIHWIII'Ll!IIIlLI!IIIIﬂlIILI\IlIIIILIIIIIII\IIIIII\IIIIII}IIIIi!lIIlIIﬂIIIIIlLIIIIiI\l!llilllllILI\I!llll\IW

@ Applications Places System & - i @ root Sat Apr 2. 3:26 PM Wj0 «"
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Routing Table

File Edit yiew Search Tools Documents Help

New OCpen Save Print... Find Replace

-1 Routing-Table(4.5).txt i '

AR N R A A e e N N NN RN RN NN RN RN SRR NN NN SN A SR LN

: Source Intermediate Nodes Dest Hcount Txm_Ene
‘Res_Ene Free_Buffesr 55_Thres LC
LR L A R R E N LA E RS R R R LRI R R R I AE I B A EE O N SE 2 L B O AR OO IR O AR T K L IE L 0 O B R R B AR O K O o IE O O
] 14-28-15- 16-24-33-31-26-37-36 49 10 4.1071
9% .949355 256 250 5}
1 10-12-45-45-41 49 > 2.1628=
99.949206 256 250 ¢}
b4 3-32-23-34-13-31 49 & 2.79741
99.849206 256 250 0
3 32-23-44-13-41 49 =) z.35177
99.949206 256 250 [}
B 7-33-31-206-37-46 4G 5 z. 72809
99.949355 256 x50 0
5 23-44-13-41 4% 4 1.91572
98 . 949206 256 250 o}
[+ 4-37-33-31-26-37-46 q4 7 3.042549
59 .94G355 256 250 e}
7 27-1-10-12-43-343-41 45 7 2.B06292
99 .949206 256 256 ¢}
& 33-31-206-37-40 49 o 2. 12967
99 .949355 256 250 ]
9 2-3-32-23-44-13-41 =) 7 3.223887
A AaEm—A ~ce Sea ~
i Lnl Coil INS
€3 spplications Places System wi v &) root Sat Apr 2. 326 PM w@ -

RoutingTabia(®s:

File Edit View Search TIools Documents

e, A

New Ope Savzle ave the current ﬁle] Find Replace
Routing-Table(35.0).txt & T

LA R R R N RN R N RN N R R N RN NN N N

Source Intermediate Hodes ' Dest Heount  Txm_Ene
Res_Ene Free_Buffer SS_Thres LC
IR AN AR R R R RN R R N R R R R R A SR A RN R R E R T RN R RN I I N
o 21-17-20-35-29-36-43-13-41 49 2 3.77554
92.161171 256 250 o]
1 10-12-43-4%5-41 449 = 26263
92.161171 256 250 o]
2 3-32-23-44-13-41 49 s 2.79741
92.101171 256 350 o]
3 32-23-44-13-41 49 5 235177
92.101171 256 250 £}
4 7-5-33-31-26-37-4¢6 49 7 2.9935%
27 6239635 256 250 ¢]
5 23-44-13-41 49 4 1.31372
92.101171 256 253 <]
6 4-47-8-33-31-26-37-46 49 8 3.30802
§7.623965 256 250 <]
7 27-1-16-22-48-45-41 49 7 2.86392
92.1601171 256 250 €}
8 33-31-26-37-46 49 5 2.12467
B7.56239565 256 250 ¢]
9 2-3-32-23-44-13-41 49 7 3.22887
LR EELEELE] ~Es ~en ~ -
iy tnl, cell INS
£3 Applications Places System i @ ) root sataApr 2. 229 PM o -
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o Distance Table

L
Aol - . . L &
New COpen Lave Prink. .. Funel  Regrlac e

T E-Distance.txt ot

SX-cor SY-Cor  E-Distanceid)

o 10 G o

o 1e Az 707

<] 10 Q32 515

[¢] 1 SE L)

o 1 G LR

[} ic w32 1294

o 10 a4z 66S

<] 10 942 589

[¢] 10 942 215

4 10 542 627

o 10 o4z &7z

[} 10 942 913

o BE:] a2 107%

o 20 o2 1477

o 0 waz 03

o 10 a2 S0E

o 1a PR 592

o pio] L s 416

o] 10 12 244

o k] e 2 FaAa

[c] a0 b P Doa

@ Ve G ==

Ly 1Sl 1 INS
£33 Apphcations Places System op Y reot tar Apr 2. 2T PM ogo -

e Neighbor Table

File Edit Yiew Search Joois Documents Help

B4 L Lo Ao
New Open Save Print... Find Replace

S Neighber

source-Node Neighbor-Node H-Distanceid)
] 14 203
] 21 188
i 16 195
1 16 163
1 24 167
1 27 153
2 3 143
2z ] 215
2 20 228
2 25 141
2 29 222
2z 35 1z2
2 29 1655
3 2 143
3 29 154
3 32 212
3 35 21z
3 38 214
3 39 154
” A [ Ix - -
& Loading file '/rootfapp/Propesed/Neighbor’. .. Lnl . Coll INS
€3 Applications Places System @& " E§ root Sat Apr 2. 3:128 PM o -
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ek

Primary Path Packet iDer

F-P.rlﬁrup.xg

2.0000~-

1.8000

16000

1.4000-

1. 2000

" 1.0000

0.8000

9.60D0

0.4000
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